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The Relation of Temperature to the Em-
bryonic and Nymphal Development 
of the Differential Grasshopper 
Melanoplus diff erentialis Thomas 
MYRON H. SWENK and CHARLES H. BRA TT 1 
Department of Entomology 
With insects, the most important factors in the regulation of the rate of 
embryonic and nymphal development as a whole are temperature and humidity. 
Of these, temperature seems to play the major role. Within the temperature 
range of the activities of a species of insect, or its zone of effective temperatures, 
metabolism is accelerated by the higher temperatures and retarded by the lower 
ones. Also, with each species of insect there is a temperature at the lowest 
point of the zone of effective temperatures that constitutes the minimum 
effective temperature, or threshold of development, of that species. If the tem-
perature drops below this minimum effective temperature, development ceases 
and a state of quiescence prevails until the temperature again is raised above 
the threshold, when development and activity are restored. 
But with many insects development is also arrested spontaneously at certain 
points irrespective of the conditions of temperature and humidity in the en-
vironment. This phenomenon in a broad sense is known as arrested develop-
ment, and the state of dormancy involved is called diapause. The extent to 
which environmental conditions may directly influence diapause varies much 
with different insect species that exhibit it . Bodine (1, 2, 3, 4) 2, Nelsen (8), 
Slifer (10), Burdick (5) and others have shown that in the case of the dif-
ferential grasshopper (Melanoplus differentialis Thomas) environmental fac-
tors, and especially temperature, have a marked influence upon the arresting, 
retarding, or accelerating of the development of the eggs and also upon the 
rate of growth of the nymphs. 
The exact physiology of the phenomenon of diapause is obscure. One theory 
is that diapause is brought on by the temporary absence of hormones or other 
factors that are necessary for the maintenance of growth. Another theory is that 
diapause is brought on by the accumulation within the body of some chemical 
substance, probably through an undue increase of excretory products that in-
hibit growth, but that may gradually be eliminated during an extended sub-
jection to low temperatures, during which period metabolism is greatly reduced 
but excretion proceeds . 
Bodine ( 1) showed that exposure to low temperatures produces an acceler-
ative effect on the subsequent development of eggs of M. differentialis held at 
constant high temperatures, and that, other factors being the same, the rate of 
development of the eggs is affected by temperature, the increment in rate 
seeming to increase in direct proportion to the increase in temperature, within 
the normal limits of development. vVhere eggs of this species were exposed to 
1 The junior author of th is bullet i n dev ised and constructed the consta nt temperature apparatus used, 
and carri ed out the several experiments on the effects of tem perature on the rate of development of the 
em bryo and n ymph of th is grasshopper, between June, 1936, and August, 193 7, under the direction of the 
senior author. T he illustra tions are also the work of the junior author. 
2 N umbers in pa renthesis are references to publi cations l isted on page 23. 
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specific constant temperatures from the time of deposition on, at 41 °F. they 
required 438.40 days to hatch, at 50 °F. 281.30 days, at 59 °F. 184.70 days, at 
68 °F. 106.60 days, at 73 .4 °F . 89 days, at 78.8 °F. 69.59 days, at 86 °F . 47.69 days, 
and at 96.8 °F. only 28 days. When 12 different lots of eggs were left out-of-
doors for 12 different periods of time (varying from 39 to 168 days), and then 
all were exposed to a constant temperature of 73 .4 ° F. until they hatched, 
development was accelerated at rates varying from 27.4 to 76.8 per cent, aver-
aging 53.7 per cent, as compared with eggs that were not previously exposed 
to out-of-door temperatures. In 9 lots exposed to similar out-of-door conditions 
and then held at a constant temperature of 86 °F., the rate of increase va ried 
from 8.3 to 83 per cent, averaging 40.8 per cent. He concluded that it is possible 
to calculate the time of hatching of eggs if their previous temperature history 
is known. 
Bodine (2) later further showed that, under artificial conditions, where the 
eggs of M. differentialis were kept at a temperature of 77 °F . from the time 
they were deposited, diapause did not appear and embryonic development pro-
ceeded unbrokenly. But at any time during the winter when eggs which had 
been chilled were exposed to a constant high temperature embryonic develop-
ment was started . The longer the eggs of this grasshopper had been chilled 
during the winter, the more rapid was the embryonic development when they 
later were subj ected to the 77 °F. temperature. And once such development was 
resumed under the influence of higher temperatures, following a period of 
chilling, a return to cold temperatures did not again arrest embryonic develop-
ment. 
Nelsen (7, 8) found that where eggs of M . differentialis were kept at a 
constant temperature of about 77°F . a diapause occurred with the majority 
of embryos in any single egg pod after an initial period of rapid embryonic 
development up to near the end of the prerevolution period. However, a few 
embryos in each pod did not enter diapause at this constant temperature, but 
continued development . In the laboratory, eggs of this species kept at low 
temperatures immediately after deposit ion, and then at 77.6° -77°F., developed 
without any diapause. To see if a similar phenomenon occurred in the field 
under the climatic conditions obtaining in Philadelphia, Pennsylvania, he made 
a study of the development of eggs laid early in the fa ll and kept out-of-doors. 
H e found no definite diapause, and development proceeded throughout the 
autumn, winter and spring, whenever the temperature rose above the threshold 
of development of any particular stage. 
Slifer ( 10) also found that where eggs of M. differentialis were placed at a 
constant temperature of 77 °F . immediately after being laid, the majority of the 
eggs incubated for a definite period had reached the same stage of embryonic 
development, during the early period preceding blastokinesis, without diapause. 
Within a single pod, however, a certain percentage were found to lag behind, 
or, more rarely, to be in advance of the rest of the embryos, in their develop-
ment. When the diapause was prevented by cold, however, nearly all the eggs 
laid on any one day developed together and hatched within a few hours of each 
other. 
Bodine (3, 4) showed that, within limits, diapause in the eggs of M. dif-
ferentialis is independent of temperatures above the minimum effective temper-
ature for its occurrence, but relatively dependent upon such temperatures for 
its duration . He rega rded the eggs of certain grasshoppers, including those of 
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M. differentialis, as of two types: one a diapause type and the other a non-
diapause type. The diapause-type eggs, he thought, contained factors which 
caused the definite development of diapause at definite stages in the develop-
ment of the egg, and stated that the evidence indicated that the action of 
diapause factors was of an all or none type of reaction. These diapause factors 
are extremely susceptible to temperatures low enough to be below the threshold 
of development of the eggs, and sufficient exposure to these low temperatures 
can completely destroy or inhibit them. Temperatures of 32 ° -50 °P. destroy 
the diapause factors in eggs of M. differentialis, he found. A slow and gradual 
destruction or loss of potency of the diapause factors occurs at constant temper-
atures above the threshold of development. In attempting to explain the 
mechanism of diapause in the eggs of M. differentialis, Bodine ( 4) was inclined 
to regard diapause in this species as due to some hypothetical factor that in-
hibited growth, but that during exposure to low temperatures was gradually 
destroyed or itself inhibited, thus liberating the inherent developmental factors. 
Burdick (5), in an extensive series of experiments carried out in Iowa, 
showed that when eggs of M. differentialis were placed at a constant tempera-
ture of 59 °P. immediately after being laid, and were kept at that temperature, 
their development was not completed. They developed to a stage just before 
blastokinesis, beyond which they did not progress. Eggs exposed for varying 
lengths of time to low temperatures, ranging from 32 ° to 59 °P., either im-
mediately after they had hatched or after they had undergone development at 
82.4 °P. for periods of 7, 14, and 21 days, usually showed an accelerated develop-
ment as compared with eggs that had been kept continuously at a temperature 
of 82.4 °P. Eggs kept at a constant temperature of 82.4 °P. exhibited marked 
variations in the duration of the diapause. The minimum period of incubation 
of eggs from different pods ranged from the 32 days required for the develop-
ment of eggs without a diapause, up to as high as 107 days. These variations 
are not random, Burdick stated, but their nature suggests that they are deter-
mined by some as yet unknown environmental or physiological factors acting 
before the eggs are laid. The varying responses shown by the eggs after ex-
posures to low temperatures were that the eggs hatched either before the con-
trols that had not been so exposed, or at the same time as the controls, or after 
the controls. Burdick recognized four factors as determining these variations in 
responses obtained in the hatching of the eggs exposed to low temperatures, 
viz.: ( 1) their potentialities in respect to the length of the diapause, (2) the 
amount of incubation they had undergone before they were exposed to a low 
temperature, (3) the degree of low temperature to which they were exposed, 
and ( 4) the duration of the exposure to the low temperature. 
Parker (9) found that with the related lesser migratory grasshopper 
(Melanoplus mexicanus mexicanus Saussure) much the same conditions obtain 
as are outlined above for M. diff erentialis. He found that there is a marked 
difference in the rate of development of the eggs of M. mexicanus mexicanus 
when they are placed at a constant high temperature immediately after they 
have been laid, as compared with the rate of development of eggs after they 
have been exposed to low temperatures, either immediately after being laid or 
after some development has taken place, and then later placed at some higher 
constant temperature. 
When eggs were placed at a constant high temperature immediately after 
they were laid, development was reduced both below and above 80.6 °P., which 
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was the point of most rapid development, the retardation at 98.6°F. being 
greater than at 89.6 °F. The exact time necessary to hatch at 71.6°F. varied 
from 36 to 213 days, with an average of 147 days; at 80.6°F. from 23 to 32 
days, averaging 26 days; at 89.6 ° F. from 21 to 55 days, averaging 32 days; and 
at 98.6 °F. from 23 to 92 days, averaging 46 days. Parker concluded that with-
out exposure to low temperatures the average time it takes these eggs to hatch 
varies inversely with the three higher temperatures used. 
Exposure to low temperatures resulted in a greatly increased rate of develop-
ment when the eggs were returned to higher temperatures, the degree of 
acceleration obtained in this way depending upon the amount of development 
before exposure to low temperatures, the length of the exposure, and the high 
temperature to which they were returned. The exact time necessary to hatch 
eggs placed at 32 °F. immediately after they were laid, for periods varying from 
30 to 507 days, during which periods under these conditions there was no 
embryonic development whatever, and then placed at a constant temperature 
of 80.6 °F., varied from 13 to 26 days and showed an increase in rate of de-
velopment of from 0.0 to 136.7 per cent, averaging 66.3 per cent. Similarly, 
those placed at a constant temperature of 89.6 °F. hatched in from 7 to 32 days 
and showed an increase in rate of development of from 3.2 to 357.5 per cent, 
averaging 136.9 per cent, while those at 98.6 °F. hatched in from 8 to 46 days 
and showed an increase in rate of development of from 0.0 to 558.0 per cent, 
averaging 212.2 per cent. Thus the rate of development after exposures to low 
temperatures increased directly with the temperatures at all three of the tem-
peratures used in Parker's experiments. 
APPARATUS USED IN MAINTAINING CONST ANT 
TEMPERATURES 
The incubators and brooders in which constant temperatures were main-
tained during the progress of these experiments were constructed in groups of 
three units. The outside jacket of each tri-unit group was constructed of lx4-
inch pine lumber, built to form a box frame 6 feet long, 2 feet wide, and 2 feet 
deep, on the outside of which sheets of heavy Celotex insulating board were 
nailed. The top of this box was covered with three separate lids. In the center 
of each lid a window four inches square was cut, and a plate of glass was 
placed on both the outside and inside, to insure good insulation. Smaller boxes 
18 inches square, with a double glass window in the lid of each, were also 
made up in the same manner as the large box, and three of these were mounted 
inside the large box. These each constituted a unit box, and three different 
constant temperatures could be held in different unit boxes in the same tri-unit 
group box (Fig. 1). 
After several methods had been tested, temperatures with the least variation 
were obtained by using a constant heat from light bulbs placed in the unit 
boxes. The desired temperature for each unit box was obtained by experi-
menting with light bulbs of different wattage. Some of the sockets were wired 
in a parallel circuit, making it possible to obtain a highly varied combination 
of different light bulbs. After two weeks of adjustment all of the unit boxes 
were maintaining the desired constant temperature. After the temperature in 
the unit box had reached its maximum it would remain constant, as long as the 
temperature in the room did not fluctuate greatly. This room was in a base-
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Fie . !.- Incubator and brooder apparatus used in maintaining constant 
temperatures in these experiments. A tri-unit group outside jacket, with 
its three units enclosed , two (at left) with lids raised to show double-
g lass window. 
7 
ment. T he temperature was checked at regular intervals, and held at close to 
55 °F. This room could be warmed or cooled by opening or closing a door that 
connected it with the furnace room. 
METHODS USED IN EXPERIMENTS WITH 
HATCHING PERIOD OF EGGS 
During the latter part of October, 1936, several hundred females of M-
differentialis were collected and placed in cages, in the bottoms of which about 
two inches of clean sand had previously been spread. After a period of 48 hours 
the sand was sifted, and 80 egg pods were collected. These egg pods were held 
at a temperature of about 45 °F . in order to keep them dormant until the con-
TABLE 1.-lncubation period and rate of hatching of eggs of M . differentialis at a constant temperature of 60 ° F., after ex-
posure to a temperature of 45° F. for 15 days. 
Pod I Eggs I 
Eggs Days of incubation I Av. days 
req'd for No. in pod hatched 135 136 137 138 139 140 14 1 142 143 144 145 146 147 148 149 150 151 152 153 154 hatching 
No. No. 01. 
, 0 Number of eggs hatcl1ed No. 
1 68 22 32.3 0 2 1 4 3 1 0 5 2 1 0 0 1 1 1 0 0 0 0 0 141.00 
2 73 27 37.0 0 3 6 2 2 3 1 4 3 0 1 0 0 2 0 0 0 0 0 0 140. 11 
3 70 29 40.1 1 1 8 6 2 3 0 1 0 1 1 0 3 1 1 0 0 0 0 0 140.03 
4 65 29 44 .6 0 2 7 4 1 3 2 1 5 1 2 0 0 1 0 0 0 0 0 0 140. 10 
5 63 25 39.7 0 8 1 5 2 1 0 3 1 0 1 1 1 0 0 1 0 0 0 0 139.60 
6 74 28 37.8 0 2 9 1 2 1 3 5 1 0 1 0 1 0 1 0 0 0 0 1 140.43 
7 65 26 40.0 0 1 10 3 0 2 1 3 1 0 1 3 1 0 0 0 0 0 0 0 141.11 
8 77 37 48.0 0 3 3 4 2 2 3 11 1 3 1 1 3 0 0 0 0 0 0 0 141.1 1 
Total 555 223 
<\verage 39.9 140.16 
Per CC!)t of deve lopment per day 0.71 
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TABLE 2.-lncubation period and rate of hatching of eggs of M. differentialis at 
a constant temperature of 65° F., after exposure to a temperature of 45° F. 
for 15 days. 
Pod I Eggs I Eggs Days of incubation I Av. days req'd for No. in pod hatched 84 85 86 87 88 89 90 91 92 93 94 hatching 
No. No. % Number of eggs hatched No. 
l 55 50 90.9 20 5 0 l 7 10 2 0 1 0 86.76 
2 68 60 88.2 0 0 0 0 42 11 5 2 0 0 0 88.43 
3 82 73 89.0 35 0 2 22 3 10 0 0 0 86.42 
4 58 48 82.8 0 0 0 0 7 39 6 2 0 0 0 89.24 
5 60 52 86.7 5 5 10 2 3 20 1 0 0 0 87.32 
6 70 55 78.6 4 30 2 0 0 8 1 8 0 0 2 86.84 
7 66 56 84.8 2 6 3 0 40 0 3 1 0 0 88.37 
8 65 54 83.1 5 4 5 27 4 6 2 0 0 0 87.68 
Total 524 448 
Av. 85.5 87.61 
Per cent of development per day .. 1.14 
T ABLE 3.-lncubation period and rate of hatching of eggs of M . differentialis at 
a constant temperature of 70° F., after exposure to a temperature of 45° F. 
for 15 days. 
Pod 
I 
Eggs I Eggs Days of incubation I Av. days No. in pod harched req'd for 57 58 59 60 61 62 63 64 65 'hatching 
No. No. 0/ , o Number of eggs liatched No. 
70 62 88.6 52 3 1 4 0 2 0 0 57.54 
2 72 65 90.3 48 6 6 l 2 0 1 0 57.63 
3 68 64 94.1 30 25 0 0 3 4 0 0 2 58.1 4 
4 65 59 90.8 2 2 0 8 46 0 0 0 61.68 
5 59 57 96.6 38 5 4 0 3 7 0 0 0 58.05 
6 66 6 1 92.4 28 6 2 3 4 15 2 1 0 59.11 
7 68 62 91.2 6 2 49 0 3 1 1 0 0 58.98 
8 80 74 92.5 8 3 2 0 55 6 0 0 0 60.47 
Total 548 504 
Av. 92.0 57.80 
Per cent of development per day . 1.73 
TABLE 4.- l ncubation period and rate of hatching of eggs of M . differentialis at a constant temperature of 75°F., after ex- ,_. 0 
posure to a temperature of 45° F . for 15 days. 
Pod I Eggs 
I 
Eggs 
I 
Days of incubation 
I 
Av. days 
>-No. in pod hatched req'd for C) % 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 hatching :,, 
No. N o. % No. 
0 
Number of eggs hatched C 
1 58 56 96.5 2 4 3 30 2 0 l 0 3 0 4 0 1 1 0 3 2 l 51.2 1 t"' .., 
2 60 55 91.7 0 15 5 6 2 3 l 2 l 10 3 2 l 2 l l l 0 51.70 C 
3 56 54 96.4 8 2 0 5 20 0 2 5 0 0 1 0 1 0 50.92 
:,, 
6 l l 1 > 
4 58 56 96.5 0 0 0 3 0 2 l 40 l 2 3 l l 0 1 0 l 0 53.39 t"' 
5 62 58 93.5 l 3 2 4 10 6 8 11 2 1 3 5 l 0 0 l 0 0 52 .05 tr1 X 
6 69 64 92.7 0 2 0 3 l 4 10 5 32 l 5 0 0 0 I 0 0 0 53 .17 '"O 
7 65 62 95.4 l 4 0 I 3 2 12 7 28 0 2 1 0 0 0 0 I 0 52.79 
t,j 
:,, 
8 78 74 94.9 0 0 0 l 5 6 9 16 l 35 0 0 1 0 0 0 0 I 53.61 ; 
"' Total 506 479 t,j
Av. 94.6 52.33 
z 
.., 
Per cent of development per day 1.91 [./) 
.., 
T ABLE 5.- lncubation period and rate of hatching of eggs of M . differentialis at a constant temperature of 80° F., after ex- > .., 0 
posure to a temperature of 45° F. for 15 days. z 
I Av. days 7::1 Days of incubation t,j 
Pod I Eggs I Eggs I req'd for "' t,j No. in pod hatched 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 I hatching > :,, 
No. No. % Number of eggs hatched No. 
() 
:i: 
1 60 58 96.7 0 0 4 I 10 3 6 2 1 1 250 1 5 3 I O O 4 2 0 0 0 I 4 0 0 0 1 41.86 t,j 
2 64 60 93 .7 2 3 4 I 4 3 2 10 420 1 05 3 5 2 I 3 3 I 4 2 0 0 3 I O 0 47.60 C 
3 68 63 92.6 0 0 0 18 5 3 6 1 0 7 2 3 I 4 I 3 0 1 5 2 0 0 I O O O O O O 0 43 .54 t"' t"' 
4 59 57 96.6 0 5 3 4 3 2 I 2 5 0 6 2 2 I 4 1 2 I O 6 0 2 3 0 0 I O O O 0 45.55 t,j .., 
5 58 55 94.8 0 0 0 4 6 2 I 2 5 0 3 3 4 2 I 2 5 0 0 6 0 2 5 0 0 0 I I O 0 47.47 z 
6 71 65 91.5 0 4 7 12 2 I O 4 7 0 0 5 6 6 4 l 2 0 0 3 0 0 0 0 0 0 0 0 0 0 43.06 
7 62 58 93.5 00856 1 1 2300 1 34 1 1 4 0 0 10 0 0 8 0 0 0 0 I O 0 46.68 
,_. 
''-' 
8 72 70 97.2 0 0 0 15 4 0 I 11 I 0 I I I 2 10 1 6 1 09 103 0001 010 46.29 
l'-l 
Total 514 486 45.24 
Av. 94.6 
Per cent of development per day 2.21 
TABLE 6.-l ncubation period and rate of hatching of eggs of M. differentialis at a constant temperature of 85° F., after ex-
posure to a temperature of 45° F. for 15 days. ...., 
I I 
:i: 
I Av. days t'1 
Pod I Eggs Eggs Days of incubation req'd for t:J No. in pod hatched 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 hatching :;; 
"' t'1
No. No . % Number of eggs hatched No. 
,, 
t'1 
1 62 56 90.3 0 0 0 0 10 6 3 0 2 1 8 5 4 2 10 0 3 0 0 0 2 0 0 0 0 0 43.82 z ::! 2 64 58 90.6 0 0 0 0 3 3 2 0 2 0 3 4 0 3 8 0 0 2 1 11 0 2 0 10 1 3 49.72 ;,. 
3 76 70 92.1 1 2 4 12 1 1 4 3 2 0 3 3 1 5 4 3 1 0 6 1 4 3 5 0 0 1 45.11 t"" 
4 55 46 83.6 0 0 0 1 12 3 1 5 3 1 0 4 1 0 1 2 1 5 3 2 0 1 0 0 0 0 43.87 () 
5 60 58 96.7 0 0 0 0 4 6 1 3 5 1 3 2 8 0 0 1 2 4 3 10 0 3 1 1 0 0 46.71 
,, 
;,. 
6 61 55 90.2 0 0 0 0 5 0 1 2 5 0 6 0 2 0 1 0 1 2 4 8 0 3 8 2 4 1 49.60 "' ~ 7 66 62 93.9 0 0 0 1 1 4 0 1 0 0 3 0 0 0 0 1 0 2 6 20 1 5 8 0 7 2 52.06 0 
8 77 7 1 92.2 0 0 0 0 3 2 1 0 0 0 2 0 2 0 0 0 0 4 5 7 0 12 10 15 0 0 52.73 .,, .,, 
Total 521 476 t'1 ,, 
Av. 91.2 48.24 
Per cent of development per day 2.07 
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T ABLE ?.-Incubation period and rate of hatching of eggs of M. differentialis 
at a constant temperature of 90 ° F., after exposure to a temperature of 
45° F. for 15 days. 
Pod 
I 
Eggs 
I 
Eggs Days of incubation I Av. days 
No. per pod hatched req'd for 40 41 42 43 44 45 hatching 
Number of eggs hatched 
No. No. % No. 
1 58 42 72.4 42 0 0 0 0 0 40.00 
2 54 31 57.4 0 15 5 11 0 0 4 1.87 
3 56 39 69.6 0 0 0 4 0 35 44.54 
4 61 41 67.2 0 1 1 0 0 39 44.83 
5 52 19 36.5 18 1 0 0 0 0 40.05 
6 54 22 40.7 0 3 4 15 0 0 42.54 
Total 335 194 
Av. 57.3 42.5 8 
Per cent of development per day 2.3 8 
TABLE 8.-Comparative summary of results of experiments on the incubation 
period and rate of hatching of eggs of M. differentialis at seven high con-
stant temperatures after exposure to a temperature of 45° F. for 15 days. 
Constant I Eggs I Minimum I Maximum I Av. days I tern perature da ys req uired days required .• . d f Development hatched requue or d 
used for hatching for hatching hatching per ay 
op_ % Days Days Days % 
60 39.9 135 15 4 140.16 0.71 
65 85.5 84 94 87.6 1 1.14 
70 92.0 57 65 57.80 1.73 
75 94 .6 46 63 52.33 1.91 
80 94.6 35 64 45.24 2.21 
85 91.2 34 59 48.24 2.07 
90 57.3 42 45 42.58 2.38 
stant temperature apparatus could be properly set up. This was accomplished 
on November 15, and the egg pods were placed in the incubators on that day. 
Before they were put into the incubators, the pods were placed singly in 
small glass ointment jars, into each of which about an inch of fine sand had 
previously been poured. Each pod was covered with the sand to a depth of 
about one-fourth inch. A piece of cheesecloth held in place by a rubber band 
served as a cover over the opening of the jar. Eight egg pods so arranged were 
put into each incubator unit box. As the eggs hatched, the nymphs were col-
lected, counted and killed. In this way the daily record of hatching was ob-
tained. Preliminary attempts to incubate grasshopper eggs had shown that a 
high percentage of loss would be incurred as a result of fungus, unless some 
means of preventing fungous growth was taken. The growth of fungus on the 
eggs used in these studies was prevented by moistening the sand regularly with 
iodine water, prepared by adding one drop of commercial tincture of iodine to 
a pint of water. 
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Since in Nebraska the eggs of M. differentialis naturally are subjected to 
temperatures below the minimum effective temperature, between the time of 
their deposition and hatching,3 the egg pods used in the present experiments, 
which were all deposited within a two-day period, were placed immediately 
in a refrigerator and held at a temperature of around 45 °F. for 15 days. They 
were then taken out of the cold storage and placed in seven incubators at con-
stant temperatures of 60 °, 65 °, 70 °, 75 °, 80 °, 85 °, and 90 ° F. Eight egg pods 
were placed in each incubator, except the one maintained at 90 °F., in which 
only six egg pods were placed. The incubators were examined daily and the 
newly hatched nymphs were removed and counted. 
The details of the incubation period and rate of hatching of the eggs of 
M. differentialis at the seven constant temperatures used in these studies, and a 
summary of the results, are given in the following Tables 1 to 8. By the term 
per cent of development per day is meant simply the percentage of total 
development accomplished in one 24-hour day, as defined by Parker (9, page 
10). It is computed for each constant temperature by first averaging the num-
ber of days required for hatching all of the individual eggs in each pod, then 
determining the average number of days required for the hatching of each of 
the several pods as a whole, and finally dividing this average number of days 
for all of the pods kept at each constant temperature into 100. 
RELATION OF TEMPERATURE TO INCUBATION PERIOD 
OF EGGS 
A study of the preceding tables reveals results that are wholly in conformity 
with those obtained by the several investigators previously cited, insofar as they 
relate to the development of eggs of M. differentialis that have been exposed to 
low temperatures before being placed at a constant high temperature. Eggs 
placed at the highly favorable temperatures of 80 ° and 85 ° F., following ex-
posure to a temperature of 45 °F. for 15 days, carried through their embryonic 
development rapidly and uniformly, without diapause, the 486 (94.6 per cent 
of the total number) eggs that hatched when exposed to a constant temperature 
of 80 °F. developing within a range of only 35 to 64 days, averaging 45.24 days, 
and the 476 (91.2 per cent of the total number) that hatched at a constant 
temperature of 85 °F. developing within the even shorter range of 34 to 59 days, 
but averaging slightly longer, 48 .24 days. The temperature of 50 °F. seems to 
represent the optimum incubation period for M. differentialis, if both high 
percentage of hatch and rapidity of embryonic development are taken into con-
sideration. All constant temperatures below 80 °F. brought about a slower 
hatching of the eggs and those below 75 ° F. a lower percentage of hatch, both 
phenomena varying directly with the lowering temperatures. 
At a constant temperature of 60 °F ., the first egg hatched in 135 days and 
the last one in 154 days, with an average of 140.16 days. Only 39.9 per cent 
of the eggs hatched at this temperature, which approaches the threshold of 
development. At 65 °F ., the incubation period of the eggs was shortened to a 
range of from 84 to 94 days, averaging 87.61 days, and the percentage of hatch-
ing was raised to 85.5. At 70 °F., the incubation period was yet shorter, ranging 
3 Swezey ( 11 ) found that at Lincoln during the twelve years 1891 to 1902, the normal soil temperature 
for the month of October was 56.7°F. a t a depth of one inch and 58.4°F. at a depth of three inches, thence 
gradually lowering through November and December to the low yea rl y normals of, respectively, 27.3°F. 
and 27.8°F. for January dn d 27.7°F. and 27.3° F. fo r February. 
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from 57 to 65 days and averaging 57.80 days, while 92.0 per cent of the eggs 
hatched. The highest hatches were obtained at 75° and 80°F., where the per-
centage of hatching was 94.6 in each case . At 75 °F., the incubation period 
dropped to a range of from 46 to 63 days, averaging 52.3 days. 
The shortest average incubation period was 42.6 days at 90°F., the extremes 
being 40 to 45 days, but at that high temperature only 57.3 per cent of the 
eggs, or 194 out of 335, hatched. Many of the eggs kept at 90 °F. shriveled in 
spite of their having been kept moist, and fungus persisted in small amounts 
in spite of all efforts to keep it checked. It is obvious that sustained 90°F. 
temperatures are unfavorable for the hatching and survival of the eggs of M. 
differentialis. Under natural conditions, warm, moist weather stimulates a 
growth of fungus and results in a high mortality among the eggs. 
THE NYMPHAL ST AGES OF M. DIFFERENTIALIS 
With insects there is a period of active larval growth which is followed 
by a shedding or molting of the body cuticula. This process is known as ecdysis. 
Each stage of development between molts is known as an instar, and the in-
stars are numbered to designate their sequence; for example the stage between 
the pronymphal ecdysis and first nymphal ecdysis is known as Instar I. 
Immediately prior to ecdysis the grasshopper ceases feeding, clasps its legs 
around the stem of a plant and fastens its claws into the plant tissues. The 
head is dropped and a pulsation begins on the dorsal side of the thorax. Soon 
the cuticula splits from the vertex to the base of the thorax. The nymph 
emerges, head first, from its exuviae, the hind legs being the last body portion 
to be extricated. The entire molting process requires from two to several hours. 
In his study of the life cycle of M. differentialis, Nelsen (7), who follows 
Uvarov ( 12) in regarding the so-called vermiform larva, or pronymph, as 
really the first instar, and the shedding of the enveloping cuticle that was 
formed after the consumption of the amnion and serosa in the postrevolution 
period of embryonic development as the first, or so-called intermediate, ecdysis, 
correctly pointed out that this species undergoes seven ecdyses before the adult 
condition is reached and that, consequently, there are subsequently six periods 
( instars) of postembryonic development. These six normal postembryonic 
instars are denominated Instars I to VI by the present authors. Nelsen also 
found that the duration of the instars (stadia) varied with temperature, and 
further thought that probably the kind of food had an influence on their dura-
tion. 
It is well known, however, that some inconstancy in the number of instars 
within a given species of insect is not uncommon. This may be influenced by 
external environmental conditions as well as through hereditary inherent 
tendencies. Increases in temperature rather commonly induce extra molts and 
instars. The experiments reported upon beyond show that in the development 
of some individuals of M. differentialis, usually where growth is proceeding 
rapidly under the influence of high temperatures, there may be an extra molt 
in either or both Instars III or IV, thus dividing one or both into two instars, 
and making a total of seven or eight instars, before the adult stage is attained. 
Parker (9), however, found that with the closely related M. mexicanus 
mexicanus a rise in the constant temperature at which the nymphs developed 
tended to decrease, rather than increase, the number of nymphal instars. At 
constant temperatures of 71.6° and 80.6 °F . there were always six instars, while 
THE DIFFERENTIAL GRASSHOPPER 15 
,. 2.-ABovE : newly hatched nymph still 
covered with the delicate white amnion mem-
brane. BELOW: first insta r nymph shortl y after 
having shed the amnion and assumed irs ad-
justed body proportions. En larged about 10 
times. 
3.-Full y developed second instar n ymph. 
Enlarged about 6 times. 
FIG. 4.-Nymph in newly assumed third instar. 
Enlarged about 6 times. 
F1G. 5.-Fully developed fourth instar n ymph. Enlarged 
about 4 times. 
at constant temperatures of 89.6 ° and 98.6 °F. there were only five instars, as a 
result of merging of Instars II and III. The normal six instars of M. difJer-
entialis may briefly be described as follows: 
lnstar I (Fig. 2).-When the pronymph first disengages itself from the 
enveloping cuticle after emerging from the chorion at the time of hatching, it 
is pale colored and very soft-bodied. Within two or three hours it begins to 
darken, becoming brownish in color. The head is nearly twice as long 
vertically (deep) as is the thorax. The pronotum extends downward beyond 
the anterior coxal segments. Only the posterior margin of the mesonotum is 
visible. The metanotum is exposed and prominent. The antennae are clavate 
in form, due to a thickening of the segments toward the distal end. Each femur 
is mavulated with three broad darker cross-bands. The insect is covered with 
a sparse pubescence. The body length ranges from about 4 to 6 mm. 
Instar II (Fig. 3) .-The head is now only slightly longer vertically (deep) 
than the thorax. The pronotum does not extend downward over the anterior 
coxal segments . The 13-segmented antennae are not distinctly clavate. The 
mesonotum and metanotum are entirely exposed and of nearly the same 
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length. There are two blackish marks running lengthwise on each femur. 
The body length ranges from about 6 to 8 mm. 
Instar III (Fig. 4) .-The pro no tum now extends back about halfway over 
the mesonotum. Along each side of its upper part there is an indefinite, broad, 
longitudinal line, formed by a concentration of tiny spots, and not composed 
of an entire black line as in nymphs of M. bivittatus. The antennae have 20 
segments. The two blackish marks on each femur are broader than in the 
second instar, and curve upward at their distal ends, extending to the dorsal 
edge of the femur. The body length ranges from about 8 to 13 mm. 
Instar IV (Fig. 5).-The inferior posterior corners of the mesonotum and 
metanotum reveal the beginning of the development of wings. The black 
stippled lateral lines on the pronotum are more distinct. The upper chevron 
area on each femur is almost covered by a single continuous black mark. The 
body length varies from about 13 to 16 mm. 
FIG. 6.-Nymph in newly assumed fifth instar. Enlarged about 5 times. 
FIG. 7.-Nymph in newly assumed sixth instar. Enlarged about 4 times. 
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Instar V (Fig. 6).-The sides of the pronotum are marked by two broad 
dark lines formed from a stippling of tiny spots. A pair of small front wings, 
extending back halfway across the first abdominal segment, and nearly as 
broad as they are long, arise from each side of the mesonotum. The hind 
wings, arising from the sides of the metanotum, are very narrow. The black 
markings on each femur have taken on a herring-bone pattern, but its radia-
tions do not all extend to the outer edge of the chevrons. The body length 
ranges from about 16 to 25 mm. 
Instar VI (Fig 7) .-The pronotal lateral lines are distinct, and the superior 
ones broaden posteriad until they nearly meet at the dorsal ridge. The front 
wings are now broad and extend nearly to the center of the abdomen. The 
hind pair are of about the same length, but are very narrow. There are 
normally 25 segments in the antennae. The radiations of the herring-bone 
patterned black markings on each femur extend to the outer edge of the 
chevrons. The body length ranges from about 20 to 25 mm. 
Adult (Figs. 8 and 9) .-Color varies from a nearly uniform dull olive-
brown above, paling to dull yellow beneath to a bright yellow throughout. 
FIG. 8.-Adult male of Melanoplus difjerentialis. Enlarged about 2 ½ times. 
Fie. 9.-Adult female of Melanoplus difjerentialis. 
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Eyes brown. Transverse sulci and pleural sutures of pronotum and part of 
sides of basal abdominal segments black. Hind femora yellow, with the black 
radiations of the herring-bone pattern on the outer face extending to the outer 
edge of the chevron area and each radiation subtended by a small black dot or 
spot on the external lower face ( these also more or less developed in Instars 
V and VI), the knees black with their outer lobes yellow, the upper inner face 
with three oblique black bars, the lower face yellow. Hind tibiae yellow ( or 
reel in many Cali fornia specimens), with a narrow black basal ring and black 
spines . Wings olive-brown, without spots. There is a melanistic form in which 
the entire insect is black or blackish, except for the front legs, a band on the 
middle femora, the middle tibiae, two yellowish bands on the basal upper side 
of the hind femora, and most of the hind tibiae, which are testaceous to yel-
lowish. The body length is 28 to 34 mm. in the male and 34 to 44 mm. in 
the female. 
METHODS USED IN EXPERIMENTS WITH DEVELOPMENT AL 
PERIOD OF NYMPHS 
The nymphs used in this study were collected on the day that they hatched, 
and each individual promptly was placed in a specially constructed brooder 
cylinder. These cylinders were made of pyroxylin sheets and measured 8 inches 
in length and 1 ½ inches in diameter. In making them, a rectangular piece of 
pyroxylin was cut out from the sheet, rolled, and the edges fastened with a 
strip of adhesive tape. The open ends of the cylinders were covered with 
cheesecloth held in place by rubber bands. Eigh t of these cylinders, each con-
taining a newly hatched grasshopper, were placed in each constant temperature 
unit box. The nymphs were offered lettuce, clover, dandelions and wheat 
seedlings. It was found that lettuce was the most satisfac tory food, and it was 
used the most extensively. A slightly moistened piece of lettuce leaf was added 
daily to each cylinder. A daily record was made of the development of the 
nymphs, and all ex uviae were removed from the cylinders each day, in order 
to avoid any possible confusion as to the number of molts and the duration of 
the several instars in the case of each individual grasshopper. 
In observing the effects of different tern.peratures upon the rate of develop-
ment of the nymphs, the newly-hatched nymphs were placed in the pyroxylin 
brooder cylinders, which were held at the same constant temperatures as were 
used in the study of the incubation period and rate of hatching of the eggs, 
viz. , 60°, 65 °, 70°, 75 °, 80°, 85°, and 90 °. Eight newly-hatched nymphs 
were subjected to each of these constant temperatures, except the lot maintained 
at 90 ° F., where only 6 nymphs were used. Aside from the difference in con-
stant temperatures, all lots of grasshoppers were subjected to the same con-
ditions. Humidity was not controlled, but jars containing moist sand were 
kept always present in the brooders. No attempt was made to supply the 
nymphs with water, other than placing a piece of moist lettuce in each brooder 
cylinder daily. A check was made on each individual every 24 hours. The com-
plete record of the nymphal development at constant temperatures of 90 ° F. or 
lower is given in Table 9. A summary of the nyrnphal mortality and rate of 
development at the seven temperatures used in these studies is given in Table 
10, the per cent of development per day shown in that table having been com-
puted in a manner similar to that used in determining the rate of egg develop-
ment per day as given in Table 8 and explained on a preceding page. 
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At a constant temperature of 60 °F. no feeding by any of the eight nymphs 
was observed at any time. They were always sluggish. Three of them died 
on the fifth day and two more on the sixth day, the other three individuals 
surviving, respectively, for 16, 37 and 47 days, making the average survival 
period 15.9 days. None of them developed beyond the first instar. When an 
active individual that had reached the fourth instar was placed in the brooder 
at 60 ° F. it stopped feeding, became inactive, and died in 27 days. Apparently 
the temperature of 60 °F ., while permitting a low per cent (39.9) of egg hatch-
ing, is too low for successful nymphal development. Under natural conditions, 
however, a post-hatching temperature of 60 °F . ordinarily would not be pro-
longed for a period sufficiently long to be fatal to the nymphs. 
At a constant temperature of 65 °F . some of the nymphs fed very lightly, 
but seven of the eight individuals died in from 5 to 19 days without developing 
beyond the fi rst instar. The exceptional individual, after 26 days in the fi rst 
instar, developed through the second instar in 23 days, the third instar in 21 
days, and then died after 21 days in the fourth instar, 91 days after hatching. 
At a constant temperature of 70 °F. only one of the eight individuals failed 
to develop beyond the first instar. That one died in 10 days. Another, after 
passing through the first instar in 20 days, died after 9 days in the second 
instar. A third passed through the first four instars during 65 days of develop-
ment, but died after having lingered in the fifth instar for 46 days. A fourth 
passed through the first five instars during 63 days of development, dying on 
its 31st day, in the sixth instar. T he other four all reached the seventh instar, 
two of them dying as nymphs on the 27th and 29th day in that instar, after 
68 and 79 days of development, respectively, in the first six instars, wh ile the 
other two became adult on the 26th and 21st days in the seventh instar, after 
79 and 91 days, respectively, in the fi rst six instars. It thus required these two 
individuals 105 and 112 days after hatching, respectively, with an average of 
108.5 days, to attain maturity. At this constant temperature the nymphs fed 
but lightly, at intervals. 
At a constant temperature of 75 °F. the nymphs were more or less active, 
and fed considerably more than at temperatures of 60°, 65 °, and 70°F. But 
there was a high mortality among them before the imaginal stage was attained. 
Of the eight individuals under observation, three died in the sixth instar, 105, 
106, and 108 days, respectively, after hatching, and two died in the seventh 
instar, 95 and 109 days, respectively, after hatching. Of the three that attained 
maturity, one did so after six nymphal instars and 66 days of development, and 
two after seven nymphal instars and 71 and 86 days of development. The 
individuals that developed at temperatures of 75°F. or lower were very dark 
in ground color and had many distinct markings. However, their dark ground 
color was not nearly as dark as that of the melanistic variety of M . differentialis 
referred to on a previous page of this bulletin. 
At a constant temperature of 80°F ., nymphal mortality was much less than 
at 75 °F. O nly two of the eight individuals failed to attain maturity, one of 
these dying in the sixth instar after 62 days of development and the other in 
the seventh instar, after 58 days of development. Four became adults follow-
ing six nymphal instars, and after 38, 40, 40, and 53 days of development, 
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TABLE 9.-Mortality and rate of development of nymphs of M. differentialis 
at constant temperatures of 60 °, 65°, 70°, 75°, 80°, 85°, and 90°F. 
lnstar No. Total days Constant No. of req'd for 
tempera- indi- nymphal 
ture vidual 1 2 3 4 5 6 7 8 develop-
ment 
op. No. days ,n each i11star 1 No. 
1 SD 
2 SD 
3 5D 
60 4 6D 
5 6D 
6 16D 
7 37D 
8 47D 
Av. 15.9 
1 SD 
2 SD 
3 lOD 
65 4 lOD 
5 17D 
6 18D 
7 19D 
8 26 23 21 210 
Av. 13.7 23.0 21.0 21.0 
1 lOD 
2 20 9D 
3 15 14 11 25w 46D 
70 4 13 12 12 12 14w 310 
5 16 11 10 12 3 16w 27D 
6 13 12 12 12 14w 16W 29D 
7 14 11 10 11 13w 20W 26A 105 
8 15 13 12 16 16w 19W 21A 112 
Av. 14.5 11.7 11.2 14.7 17.7 20.4 25.8 108.5 
1 9 8 8 9 llw 60D 
2 12 8 10 9w lOW 570 
3 11 7 10 9w 14W 57D 
75 4 8 8 8 9w llW 22A 66 
5 9 8 8 9 9w llW 410 
6 9 8 10 10 13w 33W 26D 
7 8 8 10 8 2w 12W 23A 71 
8 11 8 9 6 10w 13W 29A 86 
Av. 9.6 7.9 9.1 8.6 10.0 33 .1 29.7 74.3 
I 5 4 4 5 8w 36D 
2 5 4 5 6 8w l OW 20D 
3 6 3 4 Sw 8W 12A 38 
80 4 6 4 5 Sw 8W 12A 40 
5 6 4 5 6w 7W 12A 40 
6 7 5 6 6w SW 21A 53 
7 8 2 5 6 7w 13W 20A 61 
8 7 5 6 6 6w 8W 2 1A 59 
Av. 6.2 3.9 5.0 5.6 7.5 15.5 20.3 48.5 
1 Explanation of letters used: 
D. The grasshopper died at the end of the number of days given. 
w. First winged instar attained at the end of the number of days given. 
W. Second winged instar attained at the end of the number of days given. 
A. Imago attained at the end of the number of days given. 
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TABLE 9 .-(Continued.) 
Instar No. Total days Constant No. of req'd for 
tempera- indi- nymphal 
ture vidual 2 3 4 5 6 7 8 develop-
ment 
op, No . days in each insta, No . 
I 6 3 4 5w 5W JOA 33 
2 6 3 4 Sw 6W JOA 34 
3 4 4 5 3 4w 7W 9A 36 
85 4 6 4 3 4 4w 6W 15A 42 
5 5 4 4 4 4w 7W 16A 44 
6 5 4 4 4 6w 6W 20A 49 
7 5 4 4 I 3 6w 5W JOA 38 
8 5 4 4 I 3 6w 9W llA 43 
Av. 5.2 3.7 4.0 3.4 4.4 7.2 12.3 10.5 39.9 
l 4 2 3 I 3 6w ! OD 
2 4 3 3 4 4w 9W 12D 
90 3 3 4 2 4 4w 7W 7A 31 
4 5 3 4 I 2 4w 6W llD 
5 4 3 I 4 3 8w 5W 9A 37 
6 4 2 2 3 4 6w SW !ID 
Av. 4.0 2.8 2.5 2.8 3.3 6.7 8.0 10.3 34.0 
TABLE 10.-Comparative summary of results of experiments on mortality and 
rate of development of nymphs of M. difjerentialis at five high constant 
temperatures, as based exclusively on individuals that developed to the 
adult stage. 
Constant Nymphal Days reguired for Develop-temperature 
mortality nymphal development ment 
used per day 
o F. % lvlinimum Nlaxim.um Average % 
60 100.0 
65 100.0 
70 75.0 105 112 108.5 0.92 
75 62.5 66 86 74.3 1.35 
80 25.0 38 61 48.5 2.02 
85 33 49 39.9 2.51 
90 66.6 31 37 34.0 2.94 
respectively, and two became adults following seven nymphal instars after 59 
and 61 days of development, with an average developmental period for the six 
individuals of 48.5 days. 
The optimum temperature for nymphal development was 85 °F. All eight 
of the individuals subjected to this temperature reached maturity, following 
either six (2 cases), seven (4 cases), or eight (2 cases) nymphal instars, after 
from 33 to 49 days of development, with an average of 39.9 days. 
At a constant temperature of 90 °F., the grasshoppers fed voraciously and 
almost constantly. Their growth was very rapid but only two of the six 
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reached the adult stage. Two died in the seventh instar, after 29 and 39 days 
of development, and two in the eighth instar after 36 and 40 days of develop-
ment. Of the two reaching maturity, one did so in the seventh instar after 31 
days, and the other in the eighth instar after 37 days, of development. Most 
of the mortality occurred during ecdysis in the seventh or eighth instar. The 
nymphs became inactive and appeared to be preparing for a normal molt, but 
died just after the cuticula began to split along the thorax. 
The ground color of the grasshoppers held at a developmental temperature 
of 80 °F. was much lighter than with those individuals developing at tempera-
tures of 75°F. or lower, but the body markings remained dark, causing them 
to show more contrastingly. At 85 °F. the body markings, as well as the ground 
color, were light. Moreover, the markings were less complete and tended to 
break up into a speckling. At 90°F. there was a pronounced effect on color. 
The nymphs were almost pure white, with only the femoral chevrons dis-
tinctly indicated. They were also soft-bodied and almost translucent in a 
strong light. The adults were a bright yellow. 
From the above data, one safely may generalize that the rate of develop-
ment of nymphs of M. differentialis varies directly with the temperature, 
within the normal developmental range of the species, but that at temperatures 
either above or below 85 °F ., which is the optimum developmental temperature, 
nymphal mortality is increased, while at sustained temperatures as low as 65 °F. 
or lower nymphal development is impeded so as to produce 100 per cent of 
mortality before the adult stage can be attained. It is likewise obvious that 
adult coloration is strongly influenced by the temperature at which the nymphs 
developed, the color darkening at the lower temperatures and paling at the 
higher ones. 
SUMMARY 
T emperature plays the major role in the regulation of the rate of embryonic 
development of the differential grasshopper ( Melanoplus differentialis Thomas) . 
Eggs of this species that have been sufficiently exposed to low temperatures, 
when returned to higher temperatures develop without diapause and at an 
accelerated rate. Eighty freshly deposited egg pods of the differential grass-
hopper that were collected during the latter part of October and held at a 
temperature of about 45 ° F. fo r 15 days, when placed in seven specially con-
structed incubators at constant temperatures of 60 °, 65 °, 70°, 75 °, 80 °, 
85 °, and 90 °F. exhibited g reat variation in subsequent mortality and rate of 
hatching. 
The most favorable temperatures for successful development of these eggs 
were 80 ° and 85 °F. At these temperatures the eggs developed rapidly and 
uniformly, without diapa use, in from 34 to 64 days. If both high percentage 
of hatch and rapidity of embryonic development are considered, 80 ° F . repre-
sents the optimum incubation temperature for this species. Temperatures be-
low 80 °F. brought about a slower hatching of the eggs, and below 75 °F. a 
lower percentage of hatch, both phenomena varying directly with the lowering 
of the temperatures . At 60 °F., less than 40 per cent of the eggs hatched, and 
these required from 135 to 154 days to do so. At 65 °F., over 85 per cent of 
the eggs hatched, in from 84 to 94 days. Less than 9 per cent of the eggs 
fa iled to hatch at temperatures of 70 ° to 85 ° F. At 90 ° F., while the hatching 
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period was reduced to 42 to 45 days, only 57.3 per cent of the eggs hatched, 
as they shriveled and succumbed freely to fungus. 
The rate of development of nymphs of the differential grasshopper varies 
directly with the temperature, within the normal developmental range of the 
species, but at temperatures either above or below 85 °F., which was the 
optimum developmental temperature, nymphal mortality was increased, while 
at sustained temperatures as low as 65 °F. or lower, nymphal development was 
impeded so as to produce 100 per cent of mortality before the adult stage could 
be attained. 
Nymphs were sluggish and did not feed at 60 °F., and did not develop 
beyond the first instar. At 65 °F. some nymphs fed very lightly and one de-
veloped to the fourth instar before succumbing. At 70 °F. some development 
to the adult stage took place, in from 105 to 112 days. At 75 ° F., despite a high 
mortality, a fair number completed development. Completion of development 
was general at 80 °F., in an average period of 48.5 days. At the optimum 
temperature of 85 °F., the developmental period was from 33 to 49 days, aver-
aging 39.9 days. At 90 °F. the grasshoppers fed voraciously and almost con-
stantly, and grew very rapidly, but only one-third of them reached the adult 
stage, in from 31 to 37 days, averaging 34 days. 
The differential grasshopper normally has six nymphal instars. With some 
individuals, however, there was an extra molt in either the third or fourth 
regular nymphal instar, making a total of seven instars, while where growth 
was proceeding rapidly under the influence of temperatures of 85° F. or higher, 
extra molts in both the third and fourth nymphal instars made a total of eight 
instars. 
The higher the developmental temperature, the lighter was the general 
coloration of the resulting adults. 
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